Abstract-This paper addresses the importance of electricity price forecasting in the deregulated electricity market. A simple multiple linear regression approach is proposed to predict next day's electricity prices. The developed models are tested using time-series data of the Nordic electricity market (Nord Pool) and a Canadian electricity market (Ontario) and satisfactory results are achieved. The obtained results of the Nord Pool market are found to be relatively more accurate than those of the Ontario market. This arises from the fact that the market of Ontario is very volatile and its market prices are hardly predictable. The results of the study have shown that the proposed models perform very well with the markets with rather low levels of volatility.
I. INTRODUCTION
ince the early 1980s, the worldwide electricity industry has undergone numerous and fundamental changes towards deregulation. For many years, these industries have been dominated by large utilities that had an overall authority over all activities and also to set electricity prices. In the contrary, deregulation leads generation, transmission and distribution to be split and independent activities and unlike the regulated market, it is a customer driven market (price is set by the supply-demand balance) and customers have the right to choose among different electricity suppliers. This implies that knowing the supply-demand balance is extremely important for all market players; particularly for generating companies. This in turn implies the supplydemand balance, and hence the electricity price, must be estimated before real time operation for maximizing profit. And, since the day the electricity market has changed the way it functions, the need to precisely forecast electricity prices has become a hot issue.
Price forecasting plays a key role in the new electricity industry; in addition to helping independent generators in setting up optimal bidding patterns and also designing physical bilateral contracts, market prices strongly affect the decision on investing new generation facilities in the long run. In general, different market players need to know future electricity prices as their profitability depends on them.
One of the main reasons why electricity price forecasting is an important task is its volatile nature; the market is very volatile and the degree of volatility is higher on electricity markets than other markets. Added to that, forecasts are uncertain because a number of price determinants are not
The authors are with the Division of Electric Power Engineering, Chalmers University of Technology SE-41296 Gothenburg, Sweden. (emails: dawit@student.chalmers.se; tuan.le@chalmers.se) known in advance. As a result, a precise price forecasting is of vital importance to all the players. Consequently, different price forecasting tools and models have been proposed by different researchers in the past decades. Equivalently to developing a forecasting model, the question "what is price forecasting for the market players and how does each player use the forecast results?" is another point of discussion. Briefly speaking, price forecasting for an ISO is determining the Market Clearing Price (MCP). In the contrary, for a generating company forecasting is about predicting the MCP ahead of submitting its bid without knowing the prices of its market opponents based on few available data such as load forecast. In a pool market, where electric power sellers and buyers submit bids to a centralized market place that clears the market for them, participants should submit a bid/offer that is as close to the MCP as possible. Otherwise, if the bid is too high, it may end up without selling any of its energy. On the other hand, if the offer of a participant who competes for buying power is too low, it may not be able to purchase [1] . As a result, market prediction must be able to forecast a price that is as close as possible to the MCP.
The present power market, due to the nature of the electricity industry, is more or less an imperfect competitive market. This imperfect nature of the industry gives generating companies to bid at higher prices than their marginal production costs and increase their profits. And establishing an optimal bidding strategy to maximize their profit is another important task for generating companies [2] .
There are a number of parameters that affect the bidding strategy of a GENCO. While the technical constraints on unit operation, load and weather forecast and hydro energy availability are discussed to be some of the main factors, [3] has underlined the importance of market clearing prices spanning up to previous years. This information together with the next day's price forecast is said to be a very important input in formulating bidding strategies. Generally, a successful bidding strategy could be generated from understanding the complex interaction between the technical aspects of unit operations, economic interests of GENCOs as well as uncertainties associated with market trading. Once the price forecast is made, the GENCO schedules its generation accordingly and can formulate its bidding strategies using these inputs and consequently submit its bid.
The forecast models are found in the literature using Artificial Neural Networks (ANN) [4] - [7] , Autoregressive Moving Average (ARIMA) methods [8] - [9] [10] , General Auto Regressive Conditional Heteroscedastic (GARCH) [11] , Support Vector Machine (SVM) [12] , etc. Generally, forecast accuracy varies depending on the forecast method used and the electricity market under study. Hence, it is quite difficult to generalize by proposing a specific forecast approach to all markets. A forecasting tool that predicts with a good accuracy for one market may not generate a good forecast for another. This might depend of the nature of the market, input variables to the forecasting model, market participants, forecasting horizon and other factors and this by itself may need a deep investigation.
The present work presents multiple linear regression approach to forecast electricity market prices where separate modeling for each hour of a day is proposed. The following sections will present the proposed forecast model and its application to forecast the spot market prices in Nordic [13] and Ontario [14] electricity markets.
II. FORMULATION OF MULTIPLE LINEAR REGRESSION FORECAST MODEL
This section explains the steps followed to develop electricity price forecasting models using the proposed multiple linear regression approach. A time series data from the Nord Pool market is used for this study. After a careful study of the price patterns in the Nord Pool market, it is found out that the market price for hour "K" of the following day (price of tomorrow) is closely correlated with:
-previous day's (today's) K hour price -previous week's K hour price of the same day -K-1 hour market price of the same day
The correlation strength, however, may depend on the period of the year at which it is considered. Fig. 1 shows how consecutive week prices follow the same pattern. In [4] , three weeks ago and two weeks ago same settlement period and previous week and previous day data at same and neighboring settlement period are considered to be among the main factors that affect the next day electricity market price. In this present paper, only the first two factors (previous day and previous week K hour prices) are taken into account. In most cases, the price at hour K is more closely correlated with the price at hour K-1 of the same day. However, as this data is not available, therefore, it is not considered for the 24-hour-ahead price forecast model under study.
After a careful study of the nature of the electricity market, the best approach that is believed to give a better forecast result was chosen and the forecasting models are developed as follows: -Previous time series data of specific size is selected and studied carefully.
-Based on the selected input data models are developed for each hour of the day and coefficients are approximated using the method of least square.
-Once the coefficients are approximated, the models can be written and the forecast can be done.
In this work, multiple linear regression approaches of the form given below are used to predict next day electricity prices [15] :
where, the parameters β j , j = 0, 1…, k, are regression coefficients and e is an error.
Multiple linear regression models are often used as approximating functions. That is, the true functional relationship between a dependent variable Y and independent variables x 1 , x 2 …, x k is unknown, but over certain ranges of the independent variables the linear regression model can be used to adequately approximate one in terms of the other. To estimate the regression coefficients the method of least squares is used. Suppose that n > k observations are available, and let x ij denote the i th observation or level of variable x j . The observations are:
The data for a multiple regressions is given in Table I 
The least square function is: Simplifying the above two equations, we obtain the least squares normal equations: Now, the above approach is used to develop our models, calculate the regression coefficients and make our forecasts.
To evaluate the forecast performance, the popular Mean Absolute Percentage Error (MAPE) given in (10) is used:
Where n: total number of fitted points, A K : Actual price for hour 'k' and F k : Forecasted price for hour 'k'
The proposed multiple linear regression models that are developed using a series of price data from previous weeks and previous days have the form:
where, P k : Price at hour K, P LW : Last weeks' price of the same hour, P PD : Previous days' price of the same hour and β: coefficients. Finally, using the mathematical equations of the form given in equation (11) and calculating the coefficients by the method of least square (MLS), different models have been developed for different test periods corresponding to the different seasons of the year under study. Accordingly, the forecasted prices using these models are compared with actual prices and the models performances are tested. The results are presented in the next section.
The models that are developed to forecast the electricity price for the first week of February have the form given in (12) . The data used to develop these models is a historical price data of the Nordic market from December 25 
Similarly, the models for the rest hours of the day are found. The results are presented and discussed in the following section.
III. FORECAST RESULTS OF NORD POOL AND ONTARIO MARKETS
In this section different forecast results are presented and are compared with the actual market prices.
A. Forecast Results from the Nord Pool Market Prices
The Fig. 2 presents forecasted and actual prices for February 1 st of the year 2007 for the Nord Pool market. The forecast results are found using the models developed in the previous section and are plotted together with the actual price for comparison. As can be seen in the fig the forecasted results are close to the actual market prices especially at low demand hours. The resulted forecasts have generated a daily MAPE of 7.09%. To forecast the electricity price for the last few days of March and also early April, models were developed using historical price data from the 1 st to the 28 th of March. In this forecast results with a daily MAPE of only up to 1.83% are observed.
The one week forecast (29 th March -4 th April) generated using the models is compared with the actual prices and is presented in Fig. 3 below. The forecast has given a satisfactory result and has a weekly MAPE of only 2.96%. The forecast errors for the entire week are also presented. The maximum forecast error is observed to be 2.6465 Euro/MWh and the minimum error is found to be only 0.0027 Euro/MWh. For the development of the models in this scenario, data from April 24 th -May 25 th is used. The weekly price forecast for the last week of May is presented in Fig. 5 ; where a relatively high weekly error is observed; a MAPE of about 7.12%. To evaluate the performance of this approach during low demand seasons, the same approach has been followed and models were developed to make different forecasts. The one week forecast for the test week in this season generated results with a higher error. It turned out to have a MAPE of about 13.40%. The comparison of the forecast results with that of the actual price is presented in Fig 6 below . Lastly, based on a model developed using a 30 days sample data from the month of November, the electricity price for the first week of December 2007 was forecasted. As can be seen in Fig. 8 below, the forecasted model has showed a good performance; a MAPE of about 5.04% is the weekly forecast error for this forecast. For this specific case, the maximum forecast error is turned out to be 8.5405 Euro/MWh and the minimum error was only 0.0084 Euro/MWh.
B. Forecasting the Ontario Electricity Market Prices
The Ontario wholesale electricity market was opened by the year 2002 where the nature of the market is studied in depth by [16] . To forecast the electricity prices for week during April 26 Based on the developed models the electricity price for the test week is forecasted and shown in Fig. 9 ; the weekly percentage error for this forecast is calculated to be 17.30%. Again, a time series data from November 15 -December 12, 2004 was used to develop forecast models and the electricity price for the week from December 13, 2004 to December 19, 2004 is forecasted using these models (Fig.  10 ). This forecast has generated a weekly MAPE of 17.85%. These errors are clearly considerably high errors. However, this forecast is significantly more accurate than the IESOgenerated pre-dispatch price. In [16] , the proposed forecasting models were developed for 3-hour-ahead and 24-hours-ahead forecasting horizons. The results from 24-hours-ahead forecast are compared in Table II with the results found using multiple linear regression (MLR) approach in this work for the above mentioned two weeks in 2004.
IV. CONCLUSIONS
It can be concluded that the proposed models have generated reasonably good forecast results; especially at times where the price doesn't show too much fluctuation between hours and days. Comparing the forecast results in the Ontario market with that of the Nord Pool market, results found in the Nord Pool market are significantly more accurate than the results in the Ontario market. This arises from the fact that the Ontario market is very volatile and its market prices are hardly predictable. From the forecast results found in this work, it can also be concluded that the proposed models perform very well with the absence of volatility and these models can be used to precisely forecast market. These forecasts can now be used to organize generation scheduling and bidding strategies. Further research may be carried out to investigate a means to address the problem of volatility and efficient forecasting under a volatile environment that most of the forecast models presented so far are not capable of.
